I. INTRODUCTION
There are many applications requiring image compression, such as multimedia, internet, satellite imaging, remote sensing, and preservation of art work, etc. Decades of research in this area has produced a number of image compression algorithms. Discrete Cosine Transform (DCT) has attracted widespread interest as a method of information coding [1] . ISO/CCITT Joint Photographic Experts Group (JPEG) has selected DCT for its baseline coding technique [2, 3] . In a block-based JPEG compression algorithm, all DCT co-efficients [4] are utilized in compressing the image. However, significant energy of the image is represented by DC co-efficient of image block. The estimation methods for lossy image compression are very few [5, 6, 7] . Estimation of AC co-efficient is applied for blind image watermarking [8] , video compression [9, 10] , image compression and video storage using adaptive arithmetic coding. Gonzales et al. (1990) [11] described a technique which estimates a few low frequency coefficients precisely.
AC coefficients of the DCT of image block represent less energy. Hence, image compression can be achieved by not transmitting these coefficients. However, they can be estimated from DC coefficients of neighboring DCT blocks at receiver end. In this work, a modified estimation method is proposed. Linear programming is considered for calculating the optimal weights to predict AC coefficients with respect to the image content. Superiority is observed in terms of reduced blocking artifacts over an existing method.
Image watermarking algorithms using Discrete Cosine Transform (DCT), Discrete Wavelet Transform (DWT) and Singular Value Decomposition (SVD) are available in the literature [12, 13, 14, 15] . The basic philosophy in majority of the transform domain watermarking schemes is to modify transform coefficients based on the bits in watermark image. In this work, featured blocks and smoother blocks are separately used for watermarking. Superiority is observed in terms of improved PSNR and robust for various attacks. This paper is organized as follows. Available literature related to AC prediction is presented in section II. Proposed adaptive AC coefficient prediction and watermarking algorithms are discussed in section III. Experimental results are given in section IV. Concluding remarks are given in section V.
II. AC COEFFICIENT PREDICTION
Veeraswamy et al. [16] described a technique which predicts five AC coefficients of a DHT (Discrete Hadamard Transform) transformed block. Gonzales et al. [11] described the technique which predicts a few low frequency AC coefficients for DCT. AC prediction method uses dequantized DC values of a 3x3 neighborhood of 8x8 blocks to estimate the AC coefficients for the center block. Figure 1 shows the neighborhood of DCT blocks used in predicting the fifth block. At least five AC coefficients are required to reduce blocking artifacts. The transform coefficients in a 3 by 3 array of blocks (each block containing an 8x8 transform coefficients) is modeled by a two-dimensional second degree polynomial as reported in CCITT-T.81 [17] of the form
A quadratic surface, given by equation (1) is used to model the shape of a local surface [18, 19, 20] [21] is considered to calculate optimal weights based on image content. In this method known AC coefficients of benchmark images are used to to design the coefficients.
A. Optimization procedure
Any linear program (LP) consists of four parts: a set of decision variables, parameters, objective function, and a set of constraints. The objective function is to fulfill the decision-maker's desire (objective), whereas the constraints which shape the feasible region usually comes from the decision-maker's environment putting some restrictions/conditions on achieving the objective. Mathematical formulation of the problem is given below.
Step 1: Write down the decision variables.
Step 2: Formulate the objective function to be optimized as a linear function of the decision variables. 
B. Adaptive weights selection
Steps of the proposed algorithm are as follows.
Block-wise DCT computation:
Original image X ij having the size N x N is divided into n x n blocks. (2) where U is the 8x8 unitary transform matrix (DCT).
Image block categorization:
The entropy (E) of a particular block [22] is calculated as ) ( log ) (
where, p indicates the probability. Block entropy value less than some threshold (Th) is defined as smoother block. Block entropy value equal or greater than threshold (Th) is defined as featured block.
Block wise optimal weights computation:
By considering known DC and AC coefficients the optimal weights are calculated using optimization theory. In this work, three cases are considered and given below Case 1. Smoother Blocks. AC coefficients of Smoother blocks and surrounding DC coefficients are separated from the image. Optimization procedure is applied to these blocks. AC components AC(1,2) and AC (1, 3) represents the horizontal variations. Hence, DC 4 , DC 5 and DC 6 are considered in the objective function. AC components AC(2,1) and AC (3, 1) (4) Where, Q i is the i th weight and i n is the number of weights in the matrix having i th value. From this set of weights, a weight whose frequency of occurrence is more is taken and accordingly multiplied with corresponding DC coefficient.
C. Adaptive AC coefficient estimation at receiver
At the receiver, only DC values are available. So blocks are categorized as smoother or featured is based on an edge detector. The Prewitt operator [23] measures two components. The vertical edge component is calculated with kernel Gy and the horizontal edge component is calculated with kernel Gx. |Gx| + |Gy| give an indication of the intensity of the gradient in the current pixel. At the receiver, AC coefficients are estimated using DC coefficients. These values are compared with original AC coefficients to retrieve watermark bits.
IV. EXPERIMENTAL RESULTS

A. Optmal weights computation
Experiments are performed on three bench mark images as given in Figure 2 to calculate the optimal weights. All objective functions are simplified by using above three images based on image content and repeated weights are selected to estimate the AC values at receiver. An entropy threshold of 5.5 is selected to distinguish smoother blocks from featured blocks. Weights derived from experiments are given in Table II. (5) where, N x N is the total number of pixels and X ij and X ij ' are the pixel values in the original and reconstructed image. The peak to peak signal to noise ratio (PSNR in dB) [25] is calculated as The process of estimation results in both blurring and blocking artifacts. Blocking effect occurs due to the discontinuity of block boundaries. The blockiness is estimated as the average differences across block boundaries. This feature is used to constitute a quality assessment model. Accordingly, the Score (S) of the image [26] is calculated. The score typically has a value between 0 and 10 (10 represents the best quality, 0 the worst).The score is calculated using the formulae
MSE PSNR
where , , 1 , 2 , 3 are the model parameters that must be estimated with the subjective test data. B is related to the blockiness, A is the activity measure (relative blur) and Z is the zero-crossing (ZC) rate.
C. Evaluation of reconstructed images
Experiments are performed with AC estimation procedure of Gonzales et al. and also with the proposed method. To distinguish smoother blocks from featured blocks 'prewitt' edge technique is considered at receiver. In both the methods first five AC coefficients are estimated. The experiments have been conducted on images of Figure 2 and Figure 3 . Results are presented in Table III .
Experimental results indicate that the proposed method can achieve better performance in terms of Score at the same level of compression. Experiments have been done with other images (Barbara, Peppers, Zelda and Airplane) which are not used in the calculation of optimal weights. Other metric i.e PSNR is also used to compare the results. For Lena, Peppers, Zelda images the PSNR values are 23.66, 22.66, 27.3205 dB respectively with DC values. Proposed method gives 25.4424, 24.7481, 29.6389 and 24.1434 dB respectively. The mostly used objective quality/distortion metric i.e., PSNR is widely criticized for not correlating well with perceived quality measurement. Hence, this paper concentrates on Score (inversely related to blocking artifacts). Performance comparison of proposed method with existing one for Barbara image at different AC coefficients prediction is shown in Figure 4 . Proposed method is also compared with JPEG. At same level of compression (entropy=0.1571) reconstructed images are shown in Figure 5 . In spite of both the methods (JPEG, proposed) being block based, the blocking artifacts are less severe with the proposed method. Score for JPEG method is zero. Score for the proposed method is 6.2891. In JPEG implementation, standard JPEG quantization matrix is multiplied with constant to get entropy value 0.1571. A variation of entropy at different qualities of reconstructed images is not possible with the proposed method.
D. Watermarking
Choi and Aizawa [27] described a watermarking technique based on DC components. Each nine 8x8 blocks is selected as one group to estimate the DC component of the central block by using DC components in its adjacent four blocks. Replace the actual DC value of the central block with its estimated value by adding modification with +T or -T according to the watermark bit is '1' or '0'. Even though the group consists of 9 blocks, only four blocks are used to estimate the DC component in the central block. Human eyes are sensitive to change of the DC component; watermarked image is perceptually not good. Most of the energy is concentrated in DC, PSNR values of watermarked image is low. In the proposed method, AC coefficients are selected to embed watermark bits. AC coefficients energy is less than DC. Hence, improved PSNR in dB is observed. Only 441 bits are embedded as per Choi's technique. In the proposed method, Watermark bits are embedded in smoother blocks using adaptive AC coefficient estimation. Though the watermark capacity is 1024 bits, the proposed method gives better PSNR. Attacks modify the AC coefficient and it's estimated one almost equally. Hence, the effect of attacks on the watermark is eliminated. This makes the watermark reasonably robust for various attacks. The results of Choi's and proposed techniques are given in Table IV for benchmark images. The watermarked image is compressed using lossy JPEG and JPEG2000 compression ranges from 0 to 100, where 0 is best compression and 100 is best quality. Almost error free extraction of watermark is possible even after JPEG / JPEG-2000 compression attacks. The proposed method is robust to various noise attacks. Watermark is extracted even after tampering. The watermarked images are tested by image cropping attack, histogram equalization and rotation attack. The other attacks, where the watermark is successfully retrieved are bit plane removal, row column blanking, sharpening, and stretching. Experiments demonstrate that the proposed watermarking scheme is robust to removal attacks and geometric attacks. All the results are executed in Matlab 7.0.1 version, with PIV processor.
V. CONCLUSIONS
In this paper, an adaptive image compression method based on estimating AC coefficients in DCT block is proposed. The AC coefficients are estimated at the receiver end from DC coefficients and adaptive weights. Hence, the band width requirement for this approach is very much reduced over JPEG compression algorithm. Due to adaptive nature, the proposed method is superior in terms of reduced blocking artifacts and improved PSNR on benchmark images compared to existing method available in the literature. This method is more suitable for small displays like mobile phones.
In this paper, an image watermarking technique using DCT AC coefficients is also presented. Wang and Pearmen (2004) technique uses DCT AC coefficients as watermark bit containers. AC coefficient prediction is performed over the whole image regardless of whether the image contains smooth or complex areas. Hence, it results reduced PSNR of watermarked image. Proposed method presented an edge based watermarking technique using adaptively estimated AC coefficients. Embedding in the featured blocks makes the watermark reasonably robust. The proposed method is robust for various attacks. The same technique can be extended for DCT based compressed video such as MPEG-1 and MPEG-2.
